THE ROLE OF A MES WITHIN INFORMATION AND CONTROL SYSTEMS
Automation is an important part in production. This is related to an increase in productivity and efficiency in innovation. High complexity of managing industrial production is determined by a mutual interaction of these variables. The manufacturing process is usually a result of an interaction of several subsystems, creating a hierarchy (ICS). Each layer corresponds to an individual level of control. In this paper, ICS are assumed to have three levels: • Lowest level (technological level),
• Intermediate level (MES, SCADA -Supervisory control and data acquisition), • Top level (enterprise management level).
The technological level is often referred as a process level. It is an interface of production and includes product lines, various machines and equipment, which are often integrated to sensors and actuators, communicating through technology networks with control computers -PLC (Programmable Logic Controller) (Jadlovský et al., 2010) .
The intermediate level extends a general view and technological details are a minor factor. At this level, compliance plan (production, transport, distribution) becomes the most important factor. Required information to manage at this level can be resource availability, planning closures, holidays, volumes of production and so on. An information system that manages and supports decision-making at this level is the tool of category MES. Manufacturing Execution Systems are information technology systems that manage manufacturing operations in factories. On the other hand, SCADA, represents a type of industrial control systems, that monitor and control industrial processes existing in the physical world. (Zolotová, et al., 2012b) .
Enterprise management level is a top layer. A key criterion for senior management is making a profit. The basis for evaluation of the cost-effectiveness are various reports that are generated by the accounting information system module at this level. These systems tends to speak ERP (Enterprise Resource Planning). These systems integrate internal and external management information across an organization (Michalik, 2012) .
MES SYSTEMS AND REQUIREMENTS FOR THEIR MODELLING
Currently, the number of attempts to model MES systems is increasing. There are a lot of existing modelling techniques and standards, such as process maps, UML or functional blocks. There are technical and process criteria for the modelling standards:
• Temporal descriptions,
• Synchronization processes,
• Description of the behaviour of processes,
• Structure processes,
• Representation,
• Graphical representation of rules and queries,
• Support for multiple points of view.
The issue of the actual design of MES is broad functionality, which can be divided to different managements, such as • Operational management of production,
• Operational quality management,
• Maintenance management.
Consequently, the design and modelling MES level is an interdisciplinary process. Many experts (process-management, production operators, and IT specialists) are now trying to integrate their visions about modelling MES systems (Ricken & Vogel-Heuser, 2010 ).
APPLICATION
At first, we analysed the production line, located in our laboratory at the Department of Cybernetics and Artificial Intelligence. This production line has been a subject of several thesis solutions. It means that our task was to construct a model based on our knowledge of the production line.
In the second step, identification of basic MES function was necessary. (MES systems offer 11 basic functions by MESA organization) (MESA, 2012) . We modelled all these functions as separate sub processes, but this article describes only the function of management maintenance. It is important to note that modelling was carried out across all levels of ICS, because the MES is the integration between layers of ICS, and a lot of processes are actually interaction between these layers.
The next step was a selection of a modelling standard and a supporting software product. We chose the BPMN standard and QPR ProcessGuide software. For comparison, we modelled some functions of MES using the UML Activity Diagram. For this purpose, PowerDesigner application was selected.
To summarize, we used the BPMN standard for modelling, on the other hand, we used the UML Activity Diagram to indicate other options. At the end of this article, we compare these two technologies for designing the MES level of information and control systems. Nevertheless, the key issue of this article is a description of the use of the BPMN standard. It means, that demonstration of UML Activity Diagram is not included in this article, although identification of comparison criteria is a part of this article. It is very important to identify a number of comparison criteria and give them points. Based on these criteria, the sum of points can determine a better approach for modelling the MES level in ICS.
The flexible production line
The flexible production line (Figure 1 ) is divided into six positions, which are actually technology zones. A specific role in the whole production process is performed in each zone. The positions are following:
• Filling pallet with products -the zone ensures, that pallets are filled with products in the form of cubes, • Camera control and transfer between conveyors -in this post, there is camera control while folded pallets are moved to another conveyor belt, • Folding and move of a pallet from a shelf -if the test of quality is successful, a pallet is moved to a shelf, • Transfer between conveyor number 2 and conveyor number 1,
• Empty pallets -if a palette is not folded successfully, products are poured into vibrating tray, • Classification of goods (cubes) by colour -this technology area is separate part and does not interfere directly with the production process (Hošák, 2012) . (Laciňák et al., 2012) 
BPMN model for the function of management maintenance
In Figure 3 , we can see a BPMN for the function of management maintenance, which is described in following lines.
The process itself begins with the technological level of the production process that is intentionally represented as a single task (for clarity). The production process is continuously collecting process data that are sent to the MES database.
Process data that can be in different forms (tables, reports, etc.) is analysed and compared with appropriate values in the next step. There are modelled decision flows through the exclusive gates. If the values in order are correct, a record about control will be created and sent back to the MES database. For this part, we used a graphical element event type -message.
The next tasks (identification of faulty devices, identifying the faults) are modelled through an exclusive gateway again and can produce two different results -know or unknown fault. In the case of a known fault, the system will require a maintenance plan from the available database. This query can be executed by a generated SQL script. A maintenance plan is sent to maintainers in its final phase, and this step is modelled through the end event type -message.
Otherwise, when the fault is unknown, standard maintenance must start in order to determine where the fault is located. MES provides a standard maintenance plan in the form of a Gantt chart (we used an artefact element). The maintenance is carried out in stages (tasks in BPMN) -servicing, fault finding, analysis and then creating an error log.
If the fault is analysed and documentation of fault is created, the documentation is sent to the MES databases and chances of faster troubleshooting in the future is increased. At the same time, through the end event -message, the signal about the end of the maintenance is sent to the MES level. These two activities run running at the same time and, therefore, we used a parallel gateway in modelling. 
Comparison of BPMN with Activity Diagram (UML)
In the next section, (Table 1) we will select some of the key criteria for modelling MES. Next, we assign values from 1 to 5 to them, with 5 representation a maximum, based on a subjective feeling from modelling. We will also compare the standard BPMN (process map) and UML technology (Activity Diagram). The values were assigned based on our personal experience with this experiment. We respect these criteria:
• System dynamics,
• Technological complexity,
• Function decomposition,
• Model clarity,
• Model exactness,
• Business views.
The dynamics of the system is an important criterion for modelling MES. The BPMN standard provides a wider range of events and streams than Activity Diagram. It is understandable that the dynamics of systems is better with BPMN rather than UML. The technological complexity is the weakness of both models, but because of the same reason as in the case of the system dynamics, BPMN is a little more favourable. Clarity and Exactness of the models are again an advantage of the BPMN standard. Activity Diagram is a very close alternative to standard flowcharts, whose readability is always clearer to programmers, rather than average users and managers.
BPMN is very strong in business views. This is understandable as it was created just for business process modelling. That is why, BPMN is better than the Activity Diagram in the UML standard. 
CONCLUSION
The issue of the process of modelling information systems is constantly evolving. The BPMN standard offers a number of structural elements, which may be missing in other technologies. On the other hand, it is clear that, BPMN is also insufficient for modelling such complex systems. In this article, the application of the BPMN standard for modelling the MES level for the flexible production line was described. BPMN was compared with Activity Diagram (the analysis and application of Activity Diagram is not included in this article). Based on the scoring both approaches, the BPMN standard seems to be better than UML Activity Diagram. However, this does not mean that it is fully sufficient.
Process modelling enables us to see MES system as a collection of separate processes (which represent the MES functions), and so it is possible to model these processes separately under one large model. On the other hand, the big disadvantage of this approach is the fact, that it is not possible to capture complex technological background of the system. The result of this experiment is the fact that it is still necessary to find new ways or technologies to design these information systems. A combination of existing technologies could be one of the options for future research.
